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A method of the present invention utilizes the discovery that calcium 
antagonists, which interfere with calcium metabolism or transport across 
the cell membrane, can inhibit exocytosis in fibroblast cells; 
can retard biosynthesis of collagen and sulfated 

glycosaminoglycans (GAG) ; can be used to decrease the collagen content 
of the extracellular matrix; and can also stimulate increased 
collagenase activity, leading to softening of the scar tissue. These 
features work together to control wound scar production; by minimizing, 
preventing or reversing the scarring process, depending upon the course 
of the disease or type of wound treated. 

Calcium antagonists also regulate cell shape. As described in detail in 
the Examples, fibroblasts that have been treated with a calcium 
antagonist became more rounded than untreated fibroblasts. The treated 
cells were tested for viability and were found to have intact cell 
membranes which are indicative of viable cells. The observation that 
treated fibroblast cells become altered was correlated with changes in 
cell programming from a biosynthetic mode (mechanism normally undertaken 
by untreated fibroblasts) to a degradative mode. It is believed that 
this change toward matrix degradation, mediated by cell shape changes, 
plays a roll in controlling wound scar production. Thus, other compounds 
can be studied for their ability to regulate (up regulate or down 
regulate) fibroblast biosynthesis by observing their 
interaction with calcium antagonists. 
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SUMM The growth factor- supplemented TSs of this invention are useful for 

promoting the healing of wounds, especially those that do not readily 
heal, such as skin ulcers in diabetic individuals, and for delivering 
growth factors including, but not limited to, FGF-1, FGF-2, FGF-4, 
PDGFs, EGFs, IGFs, PDGF-bb, BMP-1, BMP-2, OP-1, TGF-.beta., 
cartilage-inducing factor-A (CIF-A) , cartilage-inducing factor-B 
(CIF-B) , osteoid-inducing factor (OIF), angiogenin ( s) , endothelins, 
hepatocyte growth factor and keratinocyte growth factor, and providing a 
medium for prolonged contact between a wound site and the growth 
factor (s). The growth factor- supplemented TS may be used to treat burns 
and other skin wounds and may comprise a TS and, in addition to the 
growth factor (s), an antibiotic (s) and/or an analgesic ( s ) , etc. The 
growth factor-supplemented TS may be used to aid in the engraftment of a 
natural or artificial graft, such as skin to a skin wound. They may also 
be used cosmetically, for example in hair transplants, where the TS 
might contain FGF, EGF, antibiotics and minoxidil, as well as other 
compounds. An additional cosmetic use for the compositions of this 
invention is to treat wrinkles and scars instead of 

using silicone or other compounds to do so. In this embodiment, for 
example, the TS may contain FGF-1, FGF-4, and/or PDGFs, and fat cells. 
The growth factor-supplemented TSs may be applied to surgical wounds, 
broken bones or gastric ulcers and other such internal wounds in order 
to promote healing thereof. The TSs of this invention may be used to aid 
the integration of a graft, whether artificial or natural, into an 
animal's body as for example when the graft is composed of natural 
tissue. The TSs of this invention can be used to combat some of the 
major problems associated with certain conditions such as periodontitis,' 
namely persistent infection, bone resorption, loss of ligaments and 
premature re-epithelialization of the dental pocket. 

DETD Untreated contrpls (A & B) showed minimal mesenchymal tissue ingrowth, 
with both their interstices filled with, and their luminal surfaces 
coated with fibrin coagulum. The FG- treated grafts showed mesenchymal 
tissue ingrowth in only the outer half of the grafts' interstices, with 
the rest being filled with fibrin coagulum. Very few interstitial 
capillaries were present. In contrast, the grafts treated with FG 
containing FGF-1 showed more abundant interstitial ingrowth and by 28 
days showed numerous capillaries, myofibroblasts and 
macrophages, with inner capsules consisting of several layers of 
myofibroblasts beneath confluent endothelial cell layers. 
Results of similar grafts after 128 days of implantation were similar, 
with greater numbers of capillaries in the FG +FGF-1 group (data not 
shown) . 
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SUMM Growth factors are, therefore, potentially useful for specifically 

promoting wound healing and tissue repair. However, their use to promote 
wound healing has yielded inconsistent results (see, e.g., Carter et 
al., in Growth Factors and Other Aspects of Wound Healing: Biological 
and Clinical Implications, Alan R. Liss, Inc., New York, N.Y., pp. 
303-317 (1988)). For example, PDGF, IGF-1, EGF, TGF- . alpha ., TGF- . beta . 
and FGF (also known as HBGF) applied separately to standardized skin 
wounds in swine had little effect on the regeneration of connective 
tissue or epithelium in the wounds (Lynch et al . , J. Clin. Invest. 
84:640-646 (1989)). Of the factors tested, TGF-.beta. stimulated the 
greatest response alone. However, a combination of factors, such as 
PDGF-bb homodimer and IGF-1 or TGF-. alpha, produced a dramatic increase 
in connective tissue regeneration and epithelialization . (Id.) Tsuboi et 
al. have reported that the daily application of bFGF to an open wound 
stimulated wound healing in healing- impaired mice but not in normal mice 
(J. Exp. Med. 172:245-251 (1990)). On the other hand, the application to 
human skin wounds of crude preparations of porcine or bovine platelet 
lysate, which presumably contained growth factors, increased the rate at 
which the wounds closed, the number of cells in the healing area, the 
growth of blood vessels, the total rate of collagen deposition and the 
strength of the scar tissue (Carter et al , , supra). 

SUMM , The growth factor- supplemented TSs of this invention are useful for 

promoting the healing of wounds, especially those that do not readily 
heal, such as skin ulcers in diabetic individuals, and for delivering 
growth factors including, but not limited to, FGF-1, FGF-2, FGF-4, 
PDGFs, EGFs, IGFs, PDGF-bb, BMP-1, BMP-2, OP-1, TGF-.beta., 
cartilage-inducing factor-A (CIF-A) , cartilage-inducing factor-B 
(CIF-B) , osteoid-inducing factor (OIF), angiogenin (s) , endothelins, 
hepatocyte growth factor and keratinocyte growth factor, and providing a 
medium for prolonged contact between a wound site and the growth 
factor (s) . The growth factor- supplemented TS may be used to treat burns 
and other skin wounds and may comprise a TS and, in addition to the 
growth factor(s), an antibiotic (s) and/or an analgesic (s ) , etc. The 
growth factor-supplemented TS may be used to aid in the engraftment of a 
natural or artificial graft, such as skin to a skin wound. They may also 
be used cosmetically, for example in hair transplants, where the TS 
might contain FGF, EGF, antibiotics and minoxidil, as well as other 
compounds. An additional cosmetic use for the compositions of this 
invention is to. treat wrinkles and scars instead of 

using silicone or other compounds to do so. In this embodiment, for 
example, the TS may contain FGF-1, FGF4 , and/or PDGFs, and fat cells. 
The growth factor- supplemented TSs may be applied to surgical wounds, 
broken bones or gastric ulcers and other such internal wounds in order 
to promote healing thereof. The TSs of this invention may be used to aid 
the integration of a graft, whether artificial or natural, into an 
animal ' s body as for example when the graft is composed of natural 
tissue. The TSs of this invention can be used to combat some of the 
major problems associated with certain conditions such as periodontitis, 
namely persistent infection, bone resorption, loss of ligaments and 
premature re-epithelialization of the dental pocket. 

DRWD Untreated controls (A & B) showed minimal mesenchymal tissue ingrowth, 
with both their interstices filled with, and their luminal surfaces 
coated with fibrin coagulum. The FG- treated grafts showed mesenchymal 
tissue ingrowth in only the outer half of the grafts' interstices, with 
the rest being filled with fibrin coagulum. Very few interstitial 
capillaries were present. In contrast, the grafts treated with FG 
containing FGF-1 showed more abundant interstitial ingrowth and by 28 
days showed numerous capillaries, myofibroblasts and 
macrophages, with inner capsules consisting of several layers of 
myofibroblasts beneath confluent endothelial cell layers. 
Results of similar grafts after 128 days of implantation were similar, 



with greater numbers of capillaries in the FG+FGF-1 group (data not 
shown) . 

DETD The supplemented TS of the present invention may contain compounds such 
as drugs, other chemicals, and proteins. These may include, but are not 
limited to: antibiotics such as TET, ciprofloxacin, amoxicillin, or 
metronidazole, anticoagulants, such as activated protein C, heparin, 
prostracyclin (PGI.sub.2), prostaglandins, leukotrienes , antithrombin 
III, ADPase, and plasminogen activator; steroids, such as dexamethasone , 
inhibitors of prostacyclin, prostaglandins, leukotrienes and/or kinins 
to inhibit inflammation; cardiovascular drugs, such as calcium 
channel blockers; chemoattractants ; local anesthetics such as 
bupivacaine; and antiproliferative/antitumor drugs such as 
5-f luorouracil {5-FU) , taxol and/or taxotere . These supplemental 
compounds may also include polyclonal, monoclonal or chimeric 
antibodies, or functional derivatives or fragments thereof. They may be 
antibodies which, for example, inhibit smooth muscle proliferation, such 
as antibodies to PDGF, and/or TGF-.beta., or the proliferation of other 
undesirable cell types within and about the area treated with the TS . 
These antibodies can also be useful in situations where anti-cancer, 
anti-platelet or anti- inflammatory activity is needed. In general, any 
antibody whose efficacy would be improved by site-directed delivery may 
benefit from being used with this TS delivery system. 

DETD The drug may be an analgesic, antiseptic, antibiotic or other drug(s), 
such as antiproliferative drugs which can inhibit infection, promote 
wound healing and/or inhibit scar formation. More than one 
drug may be added to the composition, to be released simultaneously, or 
the drug may be released in predetermined time-release manner. Such 
drugs may include, for example, taxol, tetracycline free base, 
tetracycline hydrochloride, ciprofloxacin hydrochloride or 
5 -f luorouracil . The addition of taxol to the fibrin sealant complex may 
be particularly advantageous. Further, the drug may be a 
vasoconstrictor, e.g., epinephrine; or the drug may be added to 
stabilize the tissue sealant or fibrin clot, e.g., aprotinin. The 
supplement (s) is at a concentration in the TS such that it will be 
effective for its intended purpose, e.g., an antibiotic will inhibit the 
growth of microbes, an analgesic will relieve pain, etc. 

DETD Each slide was given a histological score ranging from 1 to 15, with 1 
corresponding to no healing and 15 corresponding to a scar 
with organized collagen fibers (Table 2) . The scoring scale was based on 
scales used by previous investigators. The criteria used previously were 
modified and were further defined to more precisely reflect the extent 
of: reepithelialization, degree of cellular invasion, granulation tissue 
formation, collagen deposition, vascularity, and wound contraction. The 
histologic score was assigned 

DETD This embodiment is a self-contained TS wound dressing, or bandage, which 
contains both the thrombin and fibrinogen components of the FG. The 
calcium is contained in either the thrombin and/or the fibrinogen 
component (s) . Either or both of the thrombin or fibrinogen components 
can be, but does not have to be, supplemented with a growth factor(s), 
such as a FGF or bFGF, or a drug{s) such as, an analgesic, antibiotic or 
other drug(s), which can inhibit infection, promote wound healing and/or 
inhibit scar formation. The supplement ( s) is at a 

concentration in the TS such that it will be effective for its intended 
purpose, e.g., an antibiotic will inhibit the growth of microbes, an 
analgesic will relieve pain. 
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Untreated controls (A & B) showed minimal mesenchymal tissue ingrowth, 
with both their interstices filled with, and their luminal surfaces 
coated with fibrin coagulum. The FG-treated grafts showed mesenchymal 
tissue ingrowth in only the outer half of the grafts' interstices, with 
the rest being filled with fibrin coagulum. Very few interstitial 
capillaries were present. In contrast, the grafts treated with FG 
containing FGF-1 showed more abundant interstitial ingrowth and by 28 
days showed numerous capillaries, myofibroblasts and 
macrophages, with inner capsules consisting of several layers of 
myofibroblasts beneath confluent endothelial cell layers. 
Results of similar grafts after 128 days of implantation were similar, 
with greater numbers of capillaries in the FG +FGF-1 group (data not 
shown) . 

DETD The supplemented TS of the present invention may contain compounds such 
as drugs, other chemicals, and proteins. These may include, but are not 
limited to: antibiotics such as TET, ciprofloxacin, amoxicillin, or 
metronidazole, anticoagulants, such as activated protein C, heparin, 
prostracyclin (PG.sub.2), prostaglandins, leukotrienes , antithrombin 
III, ADPase, and plasminogen activator; steroids, such as dexamethasone , 
inhibitors of prostacyclin, prostaglandins, leukotrienes and/or kinins 
to inhibit inflammation; cardiovascular drugs, such as calcium 
channel blockers; chemoattractants ; local anesthetics such as 
bupivacaine; and antiproliferative/antitumor drugs such as 
5 -f luorouracil (S-FU) , taxol and/or taxotere . These supplemental 
compounds may also include polyclonal, monoclonal or chimeric 
antibodies, or functional derivatives or fragments thereof. They may be 
antibodies which, for example, inhibit smooth muscle proliferation, such 
as antibodies to PDGF, and/or TGF-.beta., or the proliferation of other 
undesirable cell types within and about the area treated with the TS . 
These antibodies can also be useful in situations where anti-cancer, 
anti -platelet or anti- inflammatory activity is needed. In general, any 
antibody whose efficacy would be improved by site-directed delivery may 
benefit from being used with this TS delivery system. 

DETD The drug may be an analgesic, antiseptic, antibiotic or other drug(s) , 
such as antiproliferative drugs which can inhibit infection, promote 
wound healing and/or inhibit scar formation. More than one 
drug may be added to the composition, to be released simultaneously, or 
the drug may be released in predetermined time-release manner. Such 
drugs may include, for example, taxol, tetracycline free base, 
tetracycline hydrochloride, ciprofloxacin hydrochloride or 
5-f luorouracil . The addition of taxol to the fibrin sealant complex may 
be particularly advantageous. Further, the drug may be a 
vasoconstrictor, e.g., epinephrine; or the drug may be added to 
stabilize the tissue sealant or fibrin clot, e.g., aprotinin. The 
supplement (s) is at a concentration in the TS such that it will be 
effective for its intended purpose, e.g., an antibiotic will inhibit the 
growth of microbes, an analgesic will relieve pain, etc. 

DETD Each slide was given a histological score ranging from 1 to 15, with 1 
corresponding to no healing and 15 corresponding to a scar 
with organized collagen fibers {Table 2) . The scoring scale was based on 
scales used by previous investigators. The criteria used previously were 
modified and were further defined to more precisely reflect the extent 
of: reepithelialization, degree of cellular invasion, granulation tissue 
formation, collagen deposition, vascularity, and wound contraction. The 
histologic score was assigned 

DETD This embodiment is a self-contained TS wound dressing, or bandage, which 
contains both the thrombin and fibrinogen components of the FG . The 
calcium is contained in either the thrombin and/or the fibrinogen 
component (s) . Either or both of the thrombin or fibrinogen components 
can be, but does not have to be, supplemented with a growth factor(s), 
such as a FGF or bFGF, or a drug(s) such as, an analgesic, antibiotic or 
other drug(s), which can inhibit infection, promote wound healing and/or 
inhibit scar formation. The supplement (s ) is at a 

concentration in the TS such that it will be effective for its intended 



purpose, e.g., an antibiotic will inhibit the growth of microbes, an 
analgesic will relieve pain. 
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mprise a TS and, in addition to the 

growth factor{s), an antibiotic (s) and/or an analgesic (s) , etc. The 
growth factor- supplemented TS may be used to aid in the engraftment of a 
natural or artificial graft, such as skin to a skin wound. They may also 
be used cosmetically, for example in hair transplants, where the TS 
might contain FGF, EGF, antibiotics and minoxidil, as well as other 
compounds. An additional cosmetic use for the compositions of this 
invention is to treat wrinkles and scars instead of 

using silicone or other compounds to do so. In this embodiment, for 
example, the TS may contain FGF-1, FGF-4, and/or PDGFs, and fat cells. 
The growth factor-supplemented TSs may be applied to surgical wounds, 
broken bones or gastric ulcers and other such internal wounds in order 
to promote healing thereof. The TSs of this invention may be used to aid 
the integration of a graft, whether artificial or natural, into an 
animal's body as for example when the graft is composed of natural 
tissue. The TSs of this invention can be used to combat some of the 
major problems associated with certain conditions such as periodontitis, 
namely persistent infection, bone resorption, loss of ligaments and 
premature re-epithelialization of the dental pocket. 

DRWD Untreated controls (A & B) showed minimal mesenchymal tissue ingrowth, 
with both their interstices filled with, and their luminal surfaces 
coated with fibrin coagulum. The FG-treated grafts showed mesenchymal 
tissue ingrowth in only the outer half of the grafts' interstices, with 
the rest being filled with fibrin coagulum. Very few interstitial 
capillaries were present. In contrast, the grafts treated with FG 
containing FGF-1 showed more abundant interstitial ingrowth and by 2 8 
days showed numerous capillaries, myofibroblasts and 
macrophages, with inner capsules consisting of several layers of 
myofibroblasts beneath confluent endothelial cell layers. 
Results of similar grafts after 128 days of implantation were similar, 
with greater numbers of capillaries in the FG+FGF-1 group (data not 
shown) . 

DETD The supplemented TS of the present invention may contain compounds such 
as drugs, other chemicals, and proteins. These may include, but are not 
limited to: antibiotics such as TET, ciprofloxacin, amoxicillin, or 
metronidazole, anticoagulants, such as activated protein C, heparin, 
prostracyclin (PGI.sub.2), prostaglandins, leukotrienes , antithrombin 
III, ADPase, and plasminogen activator; steroids, such as dexamethasone , 
inhibitors of prostacyclin, prostaglandins, leukotrienes and/or kinins 
to inhibit inflammation; cardiovascular drugs, such as calcium 
channel blockers; chemoattractants ; local anesthetics such as 
bupivacaine; and antiproliferative/antitumor drugs such as 
5 -f luorouracil (5-FU) , taxol and/or taxotere . These supplemental 
compounds may also include polyclonal, monoclonal or chimeric 
antibodies, or functional derivatives or fragments thereof. They may be 
antibodies which, for example, inhibit smooth muscle proliferation, such 
as antibodies to PDGF, and/or TGF-.beta., or the proliferation of other 
undesirable cell types within and about the area treated with the TS . 
These antibodies can also be useful in situations where anti-cancer, 
anti-platelet or anti -inflammatory activity is needed. In general, any 
antibody whose efficacy would be improved by site-directed delivery may 
benefit from being used with this TS delivery system. 

DETD The drug may be an analgesic, antiseptic, antibiotic or other drug{s), 
such as antiproliferative drugs which can inhibit infection, promote 
wound healing and/or inhibit scar formation. More than one 
drug may be added to the composition, to be released simultaneously, or 
the drug may be released in predetermined time-release manner. Such 
drugs may include, for example, taxol, tetracycline free base, 
tetracycline hydrochloride, ciprofloxacin hydrochloride or 
5-f luorouracil . The addition of taxol to the fibrin sealant complex may 
be particularly advantageous. Further, the drug may be a 
vasoconstrictor, e.g., epinephrine; or the drug may be added to 
stabilize the tissue sealant or fibrin clot, e.g., aprotinin. The 
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Definition: Process by which cellular material is discharged from a cell. Compare endocytosis . 
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exocytosis 

< cell biolQqy > Release of material from the ceN by fusion of a membrane bounded vesicle with the plasma 
membrane . 

(18 Nov 1997) 
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Next: exocvtotic vesicle , exodeoxyribonuclease . exodeoxyribonucleases 



Published at the Dept. of Medical Oncology, University of Newcastle upon Tvne 
© Copyright 1997-2003 - The CancerWEB Project. AM Rights Reserved. 



